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1
ELECTRIC VALVE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/IB2011/050721 filed Feb. 22, 2011, claiming
priority based on Italian Patent Application No.
TO2010A000129 filed Feb. 22, 2010, the contents of all of
which are incorporated herein by reference in their entirety.

The present invention relates to an electric valve device.

More specifically, the invention relates to an electric valve
device of the type comprising a main valve, operation of
which is controlled by means of an associated auxiliary elec-
tric valve or pilot electric valve.

An object of the present invention is to provide such an
improved electric valve device.

As will emerge more clearly from the description below,
this object, together with others, is achieved according to the
invention with an electric valve device comprising:

abody having an inlet and an outlet for the fluid, and amain
valve seat through which the fluid can flow from the inlet
to the outlet,

a main shutter movable with respect to said valve seat
between a position for closing and a position for opening
said seat;

a control chamber defined within the body and delimited in
part by the main shutter,

at least one first and one second communication passage
between the inlet and the control chamber and between
the control chamber and the outlet, respectively;

a fixed structure which is arranged in the control chamber
and in which there is defined an auxiliary valve seat,
which is coaxial with the main valve seat and which
communicates with said second passage; and

a solenoid control valve, including a control solenoid
arranged coaxially with said main and auxiliary valve
seats, for controlling an auxiliary shutter mounted mov-
ably in the control chamber and cooperating with the
auxiliary valve seat, for controlling the communication
between the control chamber and said second passage.

Further characteristic features and advantages of the inven-
tion will become clear from the following detailed description
provided purely by way of a non-limiting example, with
reference to the accompanying drawings in which:

FIG. 1 is a cross-sectional view of an electric valve device
according to the present invention; and

FIG. 2 is a further view of said electric valve device, cross-
sectioned along the line II-I1 of FIG. 1.

In the figures, 1 denotes in its entirety an electric valve
device according to the invention which can be used (for
example) to control the water supply from the water mains to
a washing machine such as a laundry washing machine or a
dishwashing machine.

The electric valve device 1 comprises a body 2, which is
made of moulded plastic and which in the example of
embodiment shown in the drawings comprises a top part 3
and a bottom part 4 which are joined together in a fluid-tight
manner.

The bottom part 4 of the body 2 is provided with an inlet
passage 5 (FIG. 1) for a fluid, typically a hydraulic fluid, as
well as an outlet passage 6 for said fluid.

In the example of embodiment shown the passages 5 and 6
extend in directions substantially perpendicular to each other,
but said arrangement is not obligatory in any way. In other
embodiments not shown these passages could be, for
example, aligned with each other.
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2

With reference to FIG. 1, an essentially tubular formation
7, which defines a main valve seat 8 at the top, is provided
inside the inlet passage 5.

As can be seen in FIG. 2, the region inside the tubular
formation 7 and the valve seat 8 communicates, via an open-
ing 9, with the outlet passage 6.

Viathe valve seat 8 a fluid is able to flow from the inlet 5 to
the outlet 6.

A fixed structure 10 is located between the portions 3 and
4 ofthe body 2, being arranged between a sealing ring 11 and
the radially peripheral portion 12a of a membrane which is
denoted overall by 12. Said membrane 12 comprises a flexible
intermediate annular portion 1256 which connects the periph-
eral portion 12a with a thicker central portion 12¢ intended to
act as a main shutter cooperating with the valve seat 8.

The fixed structure 10 is contained inside a control cham-
ber 13 which is delimited partly by the membrane 12 and
partly by the portions 3 and 4 of the body 2 of the electric
valve device.

The fixed structure 10 has in its top part an auxiliary valve
seat 14 which is coaxial with the main valve seat 8. A passage
15 terminates at this seat, said passage being formed inside
the fixed structure 10 and communicating with a passage 16
(FIG. 2) formed in the bottom portion 4 of the body 2. The
passage 16 in turn emerges inside the outlet passage 6.

With reference to FIG. 1, a passage 17 is formed between
the portion of the inlet passage 5 surrounding the tubular
formation 7 and the control chamber 13. In the embodiment
shown this passage 17 is formed by means of a small tube 18
which passes through a corresponding through-hole provided
in the peripheral annular portion 12a of the membrane 12.

Owing to the passage 17, the control chamber 13 is perma-
nently in communication with the inlet passage 5 of the elec-
tric valve device.

As an alternative to the embodiment shown in the draw-
ings, the permanent communication between the inlet 5 and
the control chamber 13 may be achieved by means of one or
more passages provided in the membrane 12 and/or in the
body 2.

The electric valve device 1 also comprises a solenoid con-
trol valve denoted overall by 20. Said solenoid valve 20
comprises a winding or control solenoid 21 which is wound
onto a reel 22 of electrically insulating material which com-
prises an intermediate tubular portion 22a terminating in end
flanges 226 and 22c¢.

A bush 23 of electrically insulating material is mounted
inside the tubular portion 22a of the reel 22.

The solenoid 21 is coaxial with the main valve seat 8 and
auxiliary valve seat 14.

The solenoid 21 has, associated therewith, a magnetic cir-
cuit which in the embodiment shown comprises a central
fixed core 24 which is situated inside said solenoid and the
bottom end of which extends close to the control chamber 13.
The top end of the core 24 has an annular formation which
protrudes radially outwards and is denoted by 24a.

The magnetic circuit associated with the solenoid 21 com-
prises an essentially cylindrical skirt 25, the top end of which
is adjacent to the formation 244 of the core 24 and the bottom
end of which has a formation 254 protruding radially inwards
and extending into the vicinity of the bottom end of the core
24 from which it is separated by a predetermined radial dis-
tance.

The assembly formed by the solenoid 21, the reel 22 and
the bush 23 as well as the magnetic circuit 24, 25 is incorpo-
rated, during moulding, in the top portion 3 of the body 2. This
assembly is separated, in a liquid-tight manner, from the
control chamber 13 by means of a thin element 26 made ofa
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good heat-conducting material, such as stainless steel. Con-
veniently, this element 26 may also be incorporated in the top
portion 3 of the body during the moulding operation.

The solenoid control valve 20 also comprises an auxiliary
movable shutter 27 operationally cooperating with the auxil-
iary valve seat 14 for controlling communication between the
control chamber 13 and the outlet passage 6.

The fixed structure 10 on the side facing the auxiliary
shutter 27 has a first annular protruding formation 10a which
is coaxial with the control solenoid 21 and surrounds the
auxiliary valve seat 14.

The fixed structure 10 has a further annular protruding
formation 104 which is coaxial with and surrounds the for-
mation 10a.

The auxiliary shutter 27 is essentially shaped in the manner
of an overturned cup with a raised portion 27a which pro-
trudes from the bottom wall thereof and which extends with a
limited amount of play inside the annular formation 10a of the
fixed structure 10. This shutter 27 moreover has a peripheral
skirt portion 275 which extends around the formation 10a,
inside the formation 105 of the fixed structure 10.

The shutter 27 also has a formation 27¢ which protrudes
radially towards the outside from the distal end of the lateral
wall 275 thereof.

A helical spring 28 tends to urge the auxiliary shutter 27
towards the auxiliary valve seat 14. This spring 28 is arranged
around the skirt portion 2756 of the shutter 27 and engages
with its radially protruding formation 27c.

The arrangement is such that the auxiliary shutter 27
extends at a very small distance, for example a few tenths of
a millimeter, from the stainless steel element 26. Conse-
quently, the energy needed to energize the solenoid 21 in
order to raise the shutter 27 from the associated seat 14 is very
small.

It is pointed out moreover that, since the auxiliary seat 14 is
fixed, the operating stroke of the auxiliary shutter 27 is inde-
pendent of the operating stroke of the main shutter 12¢ asso-
ciated with the main valve seat 8.

The particular form of the fixed structure 10 is such that the
liquid which reaches and flows during operation through the
control chamber 13 contacts the stainless steel element 26
which is in close contact with the assembly including the
control solenoid 21. Cooling of said solenoid and the associ-
ated magnetic circuit is thus favoured by the liquid flowing
inside the control chamber 13.

Particularly convenient is the location of the small tube 18
(forming the passage 17 between the inlet 5 and the control
chamber 13) in a “calm” zone, i.e. a zone substantially not
affected by the liquid flow when the main valve is open.

The control solenoid 21 is surrounded completely by at
least two elements or layers of material which is electrically
insulating (double electrical insulation). It is located more-
over in a zone which is separated, in a liquid-tight manner,
from the control chamber 13.

During use, when the main valve 8, 12 is closed and the
solenoid 21 is de-energized, the chamber 13 is filled by the
fluid supplied to the inlet passage 5 since this chamber com-
municates permanently with said inlet 5 via the passage 17.
The auxiliary or pilot valve formed by the seat 14 and by the
associated shutter 27 is closed. Therefore, the chamber 13
does not communicate with the outlet passage 6.

In order to cause opening of the main valve and conse-
quently a flow of fluid from the inlet 5 to the outlet 6, the
control solenoid 21 is energized. Consequently the auxiliary
shutter 27 is attracted magnetically towards the fixed core 24
and the bottom end portions 25« of the skirt 25, against the
action of the spring 28. The chamber 13 is thus placed in
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communication with the passage 15 and therefore the outlet
passage 5. Itis pointed out that in said condition the fluid from
the inlet passage 5 to the outlet passage 6 must follow a
somewhat winding, essentially labyrinth-like path, in view of
the particular interpenetrating configuration of the auxiliary
shutter 27 and the associated protruding annular formations
10a and 105 of the fixed structure 10.

The communication between the control chamber 13 and
the outlet passage 6 causes a drop in pressure inside said
control chamber, such that the thrust exerted by the fluid on
the bottom surface of the membrane element 12 manages to
cause the movement of this membrane element away from the
main valve seat 8 such that communication between the inlet
5 and the outlet 6 is established primarily via the main valve
which is now open.

Upon subsequent de-energization of the solenoid 21, the
auxiliary shutter 27 is repositioned so as to close the auxiliary
seat 14 by the action of the spring 28. The communication
between the control chamber 13 and the outlet passage 6 is
thus interrupted. The pressure of the fluid inside the control
chamber 13 increases until the force exerted on the top sur-
face of the membrane element 12 (if necessary increased by
the action of an auxiliary spring 29) repositions the mem-
brane shutter 12 against the main valve seat 8, completely and
definitively interrupting communication between the inlet 5
and outlet 6.

Obviously, without affecting the principle of the invention,
the embodiments and the constructional details may be sig-
nificantly modified with respect to that described and illus-
trated purely by way of a non-limiting example, without
thereby departing from the scope of the invention as defined
in the accompanying claims.

The invention claimed is:

1. An electric valve device (1), comprising:

abody (2; 3, 4) having an inlet (5) and an outlet (6) for the
fluid, and a main valve seat (8) through which the fluid
can flow from the inlet (5) to the outlet (6);

a main shutter (12) movable with respect to said valve seat
(8) between a position for closing and a position for
opening said seat (8);

a control chamber (13) defined within the body (2; 3, 4) and
delimited in part by the main shutter (12);

at least one first and one second communication passage
(17; 15, 16) between the inlet (5) and the control cham-
ber (13) and between the control chamber (13) and the
outlet (6), respectively;

a fixed structure (10) which is arranged in the control
chamber (13) and inside which there is defined an aux-
iliary valve seat (14) which is coaxial with said main
valve seat (8) and communicates with said second pas-
sage (15, 16); and

a solenoid control valve (20) including a control solenoid
(21) having an associated magnetic circuit (24, 25) and
arranged coaxially with said valve seats (8, 14), for
controlling an auxiliary shutter (27) which is mounted
movably in the control chamber (13) and which is
intended to cooperate with said auxiliary valve seat (14)
for controlling the communication between the control
chamber (13) and said second communication passage
(15, 16),

wherein the assembly formed by the solenoid (21) and the
associated magnetic circuit (24, 25) is separated in a
liquid-tight manner from the control chamber (13) by a
thin layer (26) of thermally conducting material, facing
the auxiliary shutter (27),
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the fixed structure (10) being shaped such that the fluid
which during use flows into the control chamber (13)
contacts said layer (26) of thermally conducting mate-
rial,

wherein said fixed structure (10) on the side facing the

control solenoid (21) has a first annular protruding for-
mation (10a) which is coaxial with said solenoid (21)
and which surrounds the auxiliary valve seat (14) such as
to define therewith a first annular groove, and the distal
end of which faces the auxiliary shutter (27), which has
a central portion (27a) which extends inside said forma-
tion (10a), and

wherein said fixed structure (10) has a second annular

protruding formation (105), which is coaxial with and
surrounds said first formation (10a) such as to define
therewith a second annular groove, and the distal end of
which faces an intermediate annular portion of the aux-
iliary shutter (27), which has a peripheral skirt portion
(27b) which extends around said first formation (10a)
within said second formation (105) inside said second
annular groove.

2. A device according to claim 1, wherein the control
solenoid (21) is fixed to said body (2; 3, 4) with an associated
magnetic circuit (24, 25) including a fixed core (24) extend-
ing inside the solenoid (21) and having one end which extends
close to the control chamber (13), as well as a skirt (25) which
surrounds at least in part the solenoid (21); one end of the
fixed core (24) and a corresponding end portion (25) of the
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skirt (25) extending adjacent to the control chamber (13), ata
predetermined mutual radial distance.

3. A device according to claim 1, wherein the auxiliary
shutter (27) has an associated spring (28) which tends to urge
it towards the auxiliary valve seat (14), said spring (28) being
arranged around the peripheral skirt portion (275) of the
auxiliary shutter (27) in engagement with a portion (27¢) of
said shutter (27) which protrudes radially towards the outside
from the bottom part of said skirt portion (275).

4. A device according to claim 1, wherein the auxiliary
shutter (27) is essentially cup-shaped.

5. A device according to claim 4, wherein the auxiliary
shutter (27) has a raised portion (27a) which protrudes cen-
trally from the internal surface of the bottom wall thereof, and
a formation (27¢) which protrudes radially towards the out-
side from the distal end of the lateral wall (275) thereof.

6. A device according to claim 1, wherein the control
solenoid (21) is wound around a tubular reel (22) made of an
electrically insulating material and provided with protruding
end flanges (225, 22¢); in said reel (22) there being inserted a
bush (23), likewise made of an electrically insulating mate-
rial, inside which the fixed core (24) of the magnetic circuit
(24, 25) associated with said solenoid (21) extends; on the
assembly formed by the reel (22) and the bush (23) there
being overmoulded a casing (3) of electrically insulating
material, such that the control solenoid (21) is surrounded by
at least two members or layers of electrically insulating mate-
rial.



